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,QWURGXFWLRQ
7KHQXPEHU RI ,QWHUQHW XVHUV DQG WKH DPRXQWRI LQIRUPDWLRQRQ WKH:HE LQFOXGLQJ FRQVXPHURULHQWHGKHDOWK
LQIRUPDWLRQLQFUHDVHGUDSLGO\LQWKHSDVWGHFDGHV,WKDVEHHQREVHUYHGWKDWSHRSOHSUHIHU,QWHUQHWDVDVRXUFHZKHQ
VHDUFKLQJIRUKHDOWKUHODWHG LQIRUPDWLRQ$UHFHQWVXUYH\ LQ WKH86$UHSRUWHG WKDW LQRIDOODGXOWV
ORRNHGRQOLQHIRUKHDOWKLQIRUPDWLRQ
$PRQJ KHDOWK FRQVXPHUV WKH :HE LV IUHTXHQWO\ XVHG DV D ZD\ WR DFFHVV KHDOWK LQIRUPDWLRQ ,Q WKH KHDOWK
GRPDLQ WKH WHUPLQRORJ\ FDQ EH YHU\ VSHFLILF IUHTXHQWO\ DVVXPLQJ DPHGLFRVFLHQWLILF FKDUDFWHU 7KLV FDQ EH D
EDUULHU WRXVHUVZKRPD\EHXQDEOH WRXQGHUVWDQG WKH UHWULHYHGGRFXPHQWV7KHUHIRUH LWZRXOGEHYHU\XVHIXO WR
DXWRPDWLFDOO\DVVHVVKRZZHOODFHUWDLQGRFXPHQWZLOOEHXQGHUVWRRGE\DFHUWDLQXVHU
3UHYLRXVO\ZHVKRZHGWKDWXVHUWDVNDQGGRFXPHQWFKDUDFWHULVWLFVDUHJRRGGHVFULSWRUVDQGSRVVLEOHSUHGLFWRUV
RIFRPSUHKHQVLRQ7KHJRDORIRXUFXUUHQWZRUNLV WR LQYHVWLJDWHZKHWKHU LW LVSRVVLEOH WRSUHGLFWFRPSUHKHQVLRQ
XVLQJ GRFXPHQW DQG XVHU FKDUDFWHULVWLFV ,Q WKH SUHVHQW VWXG\ ZH XVH DQ H[LVWLQJ GDWDVHW FRPSRVHG E\ D VHW RI
DQQRWDWHG ZHE SDJHV XVHUV¶ FKDUDFWHULVWLFV DQG FRPSUHKHQVLRQ MXGJHPHQWV 8VLQJ WKLV FROOHFWLRQ ZH EXLOW D
PXOWLYDULDWHSUHGLFWLRQPRGHOIRUWKHFRPSUHKHQVLRQRIWKHGRFXPHQW,QWKHQH[WWZRVHFWLRQVZHUHYLHZWKHUHODWHG





VWDUWHG WR ULVH RQ WKH:HE$V WKH DYDLODELOLW\ RI KHDOWK LQIRUPDWLRQ LQFUHDVHG XVHUV












DYHUDJH XVHUV DIIHFWLQJ GHFLVLRQPDNLQJ DQG GLPLQLVK WKH YDOXH RI WKH GRFXPHQW 6HYHUDO DXWKRUV KDYH
VKRZQWKDWPDQ\XVHUVKDYHGLIILFXOWLHVXQGHUVWDQGLQJRQOLQHUHVRXUFHVIRUSDWLHQWV
6WXGLHV DERXW XVHUV¶ FRPSUHKHQVLRQ RI KHDOWKUHODWHG LQIRUPDWLRQ DYDLODEOH RQ WKH:HE FRQFOXGH WKDW D KLJK
UHDGLQJ OHYHO LV QHFHVVDU\ WR LQFUHDVH WKH FRPSUHKHQVLRQ RI ZHEEDVHG KHDOWK LQIRUPDWLRQ 2WKHU DXWKRUV
FRQFOXGHGWKDWXVHUVGRQRWXQLIRUPO\SUHIHUVLPSOHWH[WVDQGWKDWWKHWH[WFRPSUHKHQVLELOLW\OHYHOVKRXOGPDWFKWKH
XVHU¶V OHYHO RI SUHSDUHGQHVV &ROOLQV7KRPSVRQ HW DO VKRZHG WKDW LW ZRUNV ZKHQ DGGUHVVHG WKURXJK XVHU¶V





2XU VWXG\ LV EDVHGRQ DQ H[LVWLQJGDWDVHW FRPSRVHGE\ DQ DQQRWDWHG VDPSOH RI KHDOWKZHEGRFXPHQWV7KHVH
GRFXPHQWV ZHUH LQLWLDOO\ FROOHFWHG IRU D XVHU VWXG\ DQGZHUH ODWHU DXWRPDWLFDOO\ DQGPDQXDOO\ DQQRWDWHG 7KH
GDWDVHWFRQWDLQVWKH*RRJOHWRSUDQNHGGRFXPHQWVIRULQIRUPDWLRQVLWXDWLRQVXVLQJGLIIHUHQWTXHULHVIRUHDFK
ZLWK GLIIHUHQW ODQJXDJH DQGPHGLFDO WHUPLQRORJ\ OD\ RU PHGLFRVFLHQWLILF 7KH GRFXPHQWV ZHUH DVVHVVHG E\ D
UHVHDUFKHUZKRDOVRGHILQHGWKHPHWDGDWDVFKHPH3DUWRI WKHGRFXPHQWVZDVDOVRDVVHVVHGE\DQH[WHUQDO
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KHDOWK SURIHVVLRQDO 7KH DJUHHPHQW UDWH EHWZHHQ ERWK DVVHVVPHQWVZDV YHU\ JRRG  ,QIRUPDWLRQ DERXW WKH
XVHUVKDVEHHQFROOHFWHGWKURXJKTXHVWLRQQDLUHVDQGRWKHULQVWUXPHQWV7KHXVHUV¶XQGHUVWDQGLQJRIWKHGRFXPHQWVLV




























,QSection 5ZHEXLOG WZRPRGHOV WRSUHGLFWFRPSUHKHQVLRQ WKDW LQFOXGHYDULDEOHVGHVFULELQJ WKHXVHUDQG WKH
GRFXPHQW:HVHOHFWWKHYDULDEOHVZKLFKEXLOGXSDPRGHOWKDWEHVWILWVRXUGDWDXVLQJWKHOHDVWDEVROXWHVKULQNDJH
DQG VHOHFWLRQ RSHUDWRU ODVVR /DVVR SLFNV WKH EHVW VXEVHW RI SUHGLFWRUV E\ VKULQNLQJ WKH UHJUHVVLRQ FRHIILFLHQWV
WRZDUGV]HUR,WDOVRHVWLPDWHVWKHFRHIILFLHQWVEDVHGRQORJLVWLFUHJUHVVLRQ$OWKRXJKRXUPRGHOVKDGLQLWLDOO\D
PXOWLQRPLDO GLVWULEXWLRQ ZLWK Y א ሼͲǡͳǡʹሽǡ ZH PHUJHG FRPSUHKHQVLRQ OHYHOV  DQG  LQGXFLQJ D ELQRPLDO
GLVWULEXWLRQ RI WKH PRGHO ZLWK Yא ሼͲǡͳሽ 7KHVH PRGHOV KDYH PXOWLSOH SUHGLFWRUVX = (X1, ..., Xp):H XVH WKH
IROORZLQJORJLVWLFIXQFWLRQ
    ቀ ௣ሺ௑ሻ
ଵି௣ሺ௑ሻ
ቁ ൌ ߚ଴ ൅ ߚଵ ଵܺ ൅ ڮ൅ ߚ௣ܺ௣  
WKDWFDQEHZULWWHQE\GHILQLWLRQDV














௜ୀଵ    
,WLVFUXFLDOWRFKRRVHDQDSSURSULDWHYDOXHRIWKHWXQLQJSDUDPHWHUȜVLQFHLWFRQWUROVWKHUHODWLYHLPSDFWRI
WKHDERYH WZRWHUPVRQ WKHUHJUHVVLRQFRHIILFLHQWHVWLPDWHV,Q WKHVKULQNDJHSHQDOW\ WKHƐଵQRUPRIDFRHIILFLHQW
YHFWRUȕ LVJLYHQE\ ||ȕ||1= |ȕj|./DVVRSHUIRUPVYDULDEOH VHOHFWLRQEDVHGRQ WKLVƐଵSHQDOW\ IRUFLQJVRPHRI WKH
FRHIILFLHQW HVWLPDWHV WREHH[DFWO\HTXDO WR]HURZKHQȜ LV VXIILFLHQWO\ ODUJH:HXVHIROGFURVVYDOLGDWLRQ IRU
FKRRVLQJWKHEHVWȜZKLFKLVIHDVLEOHDVLWILWVWKHOHDUQLQJSURFHGXUHRQO\WHQWLPHV
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$IWHUWKHODVVRYDULDEOHVHOHFWLRQZHDGGWKHSURSRVHGIHDWXUHVWRWKHPXOWLSOHORJLVWLFUHJUHVVLRQPRGHO8VLQJ
OHDYHRQHRXW FURVVYDOLGDWLRQ /22&9 ZH HVWLPDWH WKH DFFXUDF\ RI WKH PRGHO 7KH /22&9 HUURU UDWH LV
HVWLPDWHGE\DYHUDJLQJWKHnPLVFODVVLILHGREVHUYDWLRQVDVIROORZV
   ܥ ௡ܸ ൌ
ଵ
௡









5.1. Full model 
7RREVHUYHWKHHYROXWLRQRIWKHPRGHOFRHIILFLHQWVZHVWDUWRXUDQDO\VLVE\ILWWLQJDODVVRPRGHORQWKHWUDLQLQJ
VHW IRU DQ DXWRPDWLFDOO\ VHOHFWHG UDQJH RI Ȝ YDOXHV YLVXDOL]LQJ WKH SDWK E\ SORWWLQJ WKH FRHIILFLHQWV DJDLQVW WKH
GHYLDQFHH[SODLQHGSection 5.1.11H[WZHFKRRVHWKH³EHVW´ WXQLQJSDUDPHWHUȜXVLQJFURVVYDOLGDWLRQSection 
5.1.2DQGXVHLWWRILWWKHODVVRPRGHORQWKHIXOOGDWDVHWSection 5.1.3/DVWO\ZHILWDPXOWLSOHORJLVWLFUHJUHVVLRQ
PRGHOZLWKWKHYDULDEOHVVHOHFWHGE\WKHODVVRPRGHOSection 5.1.4DQGHYDOXDWHWKHUHVXOWVSection 5.1.5




LV VXIILFLHQWO\ ODUJH7KHQXPEHUVDWWDFKHG WR WKHFXUYHVDUH VLPSO\ WKHQXPHULFFRGHVRI WKHYDULDEOHVJLYHQE\
ODVVR)RUH[DPSOHWKHEODFNFXUYHDQQRWDWHGZLWKODEHOUHIHUVWRSDUWLDOO\UHOHYDQWGRFXPHQWVµ5HO¶DQGWKH
UHGRQHZLWK ODEHO UHIHUV WR WKHYDULDEOH UHSUHVHQWLQJDQ LQWHUPHGLDWHXVHRI VRFLDOQHWZRUNV WRDFFHVVKHDOWK





5.1.2. Choosing the tuning parameter Ȝ 
$SSO\LQJIROGFURVVYDOLGDWLRQEDVHGRQWKHPLVFODVVLILFDWLRQHUURUYLVXDOL]HGLQ)LJZHFKRVHDYDOXHIRU
WKH WXQLQJ SDUDPHWHU 7KH UHG GRWWHG OLQH LQGLFDWHV WKH FURVVYDOLGDWLRQFXUYH DQG WKH HUURU EDUV UHSUHVHQW WKH
VWDQGDUG GHYLDWLRQ DORQJ WKH Ȝ VHTXHQFH7KH WZR YHUWLFDO GRWWHG OLQHV LQGLFDWH WKH YDOXH RI Ȝ  WKDW JLYHV
PLQLPXPPHDQ FURVVYDOLGDWHG HUURU DQG WKH YDOXH RI Ȝ  WKDW JLYHV WKHPRVW UHJXODUL]HGPRGHO LH WKH
VLPSOHVWPRGHOZLWKFRPSDUDEOHHUURUWRWKHEHVWPRGHOJLYHQWKHXQFHUWDLQW\LQWKHFURVVYDOLGDWLRQHUURUHVWLPDWH
RIWKHODWWHU
5.1.3. Lasso model 
8VLQJ WKHDERYH LQIRUPDWLRQ DQG WKH OLVWRISRWHQWLDOSUHGLFWRUYDULDEOHVZHEXLOW DPRGHOSUHGLFWLQJ WKH
FRPSUHKHQVLRQRIZHEGRFXPHQWV7KHODVVRZLWKWKHPLQLPDOȜFKRVHQE\FURVVYDOLGDWLRQ\LHOGHGDSUHGLFWLRQ






























7KLVKLJKOLJKWV WKH UHODWLRQEHWZHHQUHOHYDQFHDQGFRPSUHKHQVLRQFRQILUPLQJDSUHYLRXV ILQGLQJRID VLJQLILFDQW
SRVLWLYHDVVRFLDWLRQEHWZHHQWKHFRPSUHKHQVLRQDQGUHOHYDQFHRIWKHLQIRUPDWLRQLQWKHGRFXPHQWV7KHQHJDWLYH
FRHIILFLHQWV LQGLFDWH WKDW GRFXPHQWV ZLWK WKH FRUUHVSRQGLQJ GLFKRWRPRXV YDULDEOHV DUH OHVV OLNHO\ WR EH
FRPSUHKHQGHGWKDQWKHGRFXPHQWVZLWKRXWWKHVHFKDUDFWHULVWLFVIRUIL[HGYDOXHVRIWKHUHPDLQLQJYDULDEOHV
5.1.4. Logistic regression model 
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7DEOH6XPPDU\RIWKHFRHIILFLHQWHVWLPDWHVLQWKHIXOOORJLVWLFUHJUHVVLRQPRGHO
&DW 9DULDEOH (VWLPDWH 6WG(UURU ]YDOXH 3U!_]_
' 5HO    (
' 5HO    (
' 6SHFLILFYRFDEXODU\    (
' 6FLHQWLILFSXEOLFDWLRQ    (
' 'RPDLQEU    
8 +HDOWKVHDUFKIUHT    (
8 :HEVHDUFKVXF    (
8 +HDOWKVHDUFKUVV    
8 +HDOWKVHDUFKZHESDJHV    
8 1XPPHGLFDOFRQFHSWV    
8 $JH    (
8 +HDOWKVHDUFKIUHT    
8 (QJOLVKSURILFLHQF\    
8 +HDOWKVHDUFKIRUXPV    (
8 +HDOWKVHDUFKVXF    (
8 +HDOWKVHDUFKVRFLDOQHW    (
/22&9HVWLPDWHRISUHGLFWLRQHUURU    

7KHILUVWFROXPQFRQWDLQVWKHFDWHJRU\RIWKHIHDWXUHZKHUH'DQG8UHIHUWRGRFXPHQWDQGXVHUUHVSHFWLYHO\














5.2. Reduced model 
:HEXLOWDVHFRQGPRGHORQO\FRQWDLQLQJWKHVWDWLVWLFDOO\VLJQLILFDQWYDULDEOHVIURPWKHIXOOPRGHO WRVHHKRZ




&DW 9DULDEOH (VWLPDWH 6WG(UURU ]YDOXH 3U!_]_
' 5HO    (
' 5HO    (
' 6SHFLILFYRFDEXODU\    (
' 6FLHQWLILFSXEOLFDWLRQ    (
' 'RPDLQEU    
8 +HDOWKVHDUFKIUHT    (
8 :HEVHDUFKVXF    (
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&DW 9DULDEOH (VWLPDWH 6WG(UURU ]YDOXH 3U!_]_
8 $JH    (
8 (QJOLVKSURILFLHQF\    
8 +HDOWKVHDUFKIRUXPV    (
8 +HDOWKVHDUFKVXF    (
8 +HDOWKVHDUFKVRFLDOQHW    (
/22&9HVWLPDWHRISUHGLFWLRQHUURU    

:H DVVHVVHG WKH PRGHO
V DFFXUDF\ XVLQJ OHDYHRQHRXW FURVVYDOLGDWLRQ ZLWK HVWLPDWHG SUHGLFWLRQ HUURU RI
8VLQJ WKH VDPH WUDLQLQJ DQG WHVW VHWZH IRXQG WKDW RXU ORJLVWLF UHJUHVVLRQ KDV DQ DFFXUDF\RI  D

























WR EH XVHIXO WR SUHGLFW FRPSUHKHQVLRQ$OWKRXJKZH IRXQG UHOHYDQFH DV D JRRG SUHGLFWRU RI FRPSUHKHQVLRQZH
GRQ¶WH[SHFWLWWREHXVHIXOVLQFHFRPSUHKHQVLRQLVSUREDEO\DFDXVHIRUUHOHYDQFHDQGQRWWKHRWKHUZD\DURXQG2Q
WKH RWKHU KDQG VFLHQWLILF SXEOLFDWLRQV DQG %UD]LOLDQ GRFXPHQWV IURP WKH GRPDLQ µEU¶ ZHUH DVVRFLDWHG ZLWK
QHJDWLYHHVWLPDWRUVLQGLFDWLQJWKDWWKHUHODWLRQLVRSSRVLWH$OOWKHDERYHFKDUDFWHULVWLFVKDYHWKHSURSHUW\WKDWWKH\
FDQEHHDVLO\GHWHFWHGLQGRFXPHQWV
:H IRXQG WKDW XVHUV
 DJH DQG SURILFLHQF\ LQ(QJOLVK DUH XVHIXO WR FRPSUHKHQVLRQ SUHGLFWLRQ 7KH SUHVHQFH RI
(QJOLVK SURILFLHQF\ LQ WKH PRGHO LQGLFDWHV WKDW WKLV SURILFLHQF\ JLYHV XVHUV WKH DELOLW\ WR XQGHUVWDQG EHWWHU WKH
(QJOLVKGRFXPHQWV6LPLODUO\XVHUVZKRIHHOVXFFHVVIXOLQZHEVHDUFKDQGZKRIUHTXHQWO\FRQGXFWKHDOWKVHDUFKHV
ZHUHVKRZQWRFRPSUHKHQGGRFXPHQWVEHWWHU7KLVPD\EHDFRQVHTXHQFHRIWKHLUSRVLWLYHDWWLWXGHWRZDUGVVHDUFK
+RZHYHU XVHUVZKR IHHO KLJKO\ VXFFHVVIXO RQ WKHLU KHDOWK VHDUFKHV RQ WKH:HE DQG WKRVHZKRPRGHUDWHO\ XVH
IRUXPVDQGVRFLDOQHWZRUNVIRUKHDOWKVHDUFKFRPSUHKHQGGRFXPHQWVZRUVHVLQFH WKHVHFKDUDFWHULVWLFVFRQWULEXWH
QHJDWLYHO\WRFRPSUHKHQVLRQ
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&RQFOXVLRQV
:HFRQGXFWHGDPXOWLYDULDWHDQDO\VLV IRFXVHGRQZKHWKHU WKHFKDUDFWHULVWLFVRI WDVNVXVHUVDQGGRFXPHQWVDUH
XVHIXO WRSUHGLFW GRFXPHQW FRPSUHKHQVLRQ DQGKRZ)RU WKLVSXUSRVHZHEXLOW WZR UHJUHVVLRQPRGHOV2XUEHVW
PRGHOWKHIXOOPRGHOKDGD/22&9HVWLPDWHRISUHGLFWLRQHUURURIDVHQVLWLYLW\RIDQDFFXUDF\RI
DQGDVSHFLILFLW\RI
$PRQJ WKH IHDWXUHVZKLFKZHUH LGHQWLILHG WRSUHGLFWFRPSUHKHQVLRQZHIRXQG WKDWXVHUFKDUDFWHULVWLFVPDLQO\
UHODWH WR WKH XVHUV
ZHE DQG KHDOWK VHDUFK KDELWV µ:HEVHDUFKBVXF¶ DQG µ+HDOWKVHDUFKBIUHT¶ D VXFFHVV RI WKH
XVHUVZLWKZHEVHDUFKDWOHYHO³KLJK´DQGDIUHTXHQF\RIWKHXVHUV
KHDOWKVHDUFKDWOHYHO³PHGLXP´DUHVRPHRIWKH
PRVW LQIOXHQFLQJXVHUYDULDEOHV7KLVPLJKW VKRZ WKDWXVHUVZLWKPRUHFRPSXWHU OLWHUDF\PLJKW FRPSUHKHQGZHE
GRFXPHQWVPRUHHDVLO\'RFXPHQWIHDWXUHVSRVVHVVWKHSURSHUW\RIEHLQJHDV\WRGHWHFWLQGRFXPHQWV
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